Regulatory Role of Retinoic Acid on Cultured Mouse Keratinocyte Inositol Phospholipid Metabolism: Dose-dependent Release of Inositol Triphosphate  by Tang, Wilson et al.
::/H trLb c. '25 Q S 
Regulatory Role of Retinoic Acid on Cultured Mouse 
Keratinocyte Inositol Phospholipid Metabolism: Dose-
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The incorporation of precursor t"C-myoinositol into the 
three cellular inositol phospholipids (Ptdlns, PtdlnsP, and 
Ptd lnsP,) of cultured, rapidly proliferating keratinocytes is 
significantly enhanced by the exogenous addition of a high 
concentration (1 X 10-7 M) of all-trans recinoic acid or its 
analog 13-Cis analog, whereas a similar incubation with a 
low concentration (I X 10-10 M) of the same rctinoid re-
sulted in an insignificant incorporation of tbe radio-precursor 
into thc thrce inositol phospholipids. Incorporation was most 
marked into the more phosphorylated Ptdlns4P and 
Ptdlns4,SP,. Thcsc rcsults indicate that rctinoic acid affects 
the biosynthesis of the inositol phospholipids at high con-
centrations. In contrast, the hydrolysis of "C-Ptdlns4,5P, 
and release of "C-InsP, from the prelabeled kcratinocytes is 
markedly enhanced by a low physiologic concentration 
(1 X 10-10 M) of retinoic acid or its 13-Cis analog. The by-
T he early recognition that retinoids (natural and syn-thetic analogs of rccinoie acid) may be involved in the regulation of epithelial differentiation t:volvt:d from the observations of Wolbach and Howe [1]. who rt:-ported that vitamin A deficiency results in squamous 
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Abbrevi:uions: 
CHCi,/CH)OH: Chloroform/ meth:anol 
DAG: Diacylglyceride 
DMEM: Dul~cco modified Eagles's medium 
pcs: fetal calf serum 
LICI: lithium chlonde 
IJ\$P: inositol phosphate 
InsPz: inositol bisphosph;ue 
InsP~: inositOl mphosphate 
Ptdlns: phosphatidylinoslfol 
Ptdlns4P(PtdlnsP): phosphat,dylinositol 4-phosphare 
Ptdlns4.5 P2(Ptdl nsP,): phosphatidylinositol 4.5-bisphosphate 
PA: pho5phatidic acid 
ItA: retinoic acid 
TLC: thin-layer chromatognphy 
UV: ultraviolet 
drolysis is rapid. with an accompanying elevated transient 
release of "C-InsP,. High concentration (1 X 10-5 M), on 
the other hand. supresses l"e_Insp.) release. These results 
taken together underscore a bifunctional, dose-dependcnt ef-
fect of both the all-trans-RA and its 13-Cis analog on the 
synthesis and hydrolysis of kerarinocyte Ptdlns4,SP2 • Fur-
thcrmore, the results suggest that at low physiologic concen-
trations. these retinoids may function as agonists to perturb 
the membrane resulting in induced rapid hydrolysis of ccllu-
lar PtdIns4,SP2. which is coupled to a "transient" generation 
of InsP, (an intracellular second messenger). The rapid for-
mation of this putative usecond messenger" may in turn play 
a rolc in the cellular proliferative or differentiating biochemi-
cal events in the murine keratinocytes. J Invest Dermatol 
92;72-77, 1989 
metaplasia and keratinization of epithelial tissue. This observation 
was followed by another equally significant observation that excess 
vitamin A inhibited keratinization of chick embryo skin, transfonn-
ing it into a mucus-secreting epithelium [2]. Many investigations 
since that rime have attcmptt:d to elucidate the role of the [crinoids 
in epithelial differentiation in tissue models, in organ culture, and in 
isolated epidermal cells (keratinocytes) [3-12J. These investiga-
tions have generated conflicting resulcs. presumably because of the 
vast difference in concentrations of rcrinoids employed in these 
studies. 
The firS( anempt to dctermine the molecular mechanism of su-
presst:d keratinization by retinoids using tissue culture techniques 
was described by Yuspa and Harris [3]. These authors reported thac 
rhe addirion of 12.5 pg/ml of retinyl acetate to cultured cells altered 
differentiation by inhibiting desmosome and tonofilamt:nt foOlla-
tion. These changes wert: accompanied by increases in glycoprotein 
synthesis and inhibition of DNA synthesis. In contrast to the above 
reponed growth inhibition, Christophers [4] reported the stimula-
tion of culrured guinea pig epidennal cells after rhe add ition of 10 
,ug/ ml of rctinoic acid to culture medjum. The discrepancy in re-
sults from these studies and others c1t:arly underscore the signifi-
cance of varying concentrations of retinoic acid (RAJ when evaluat-
in~t retinoic acid'~ lIlodulatory effects on epidermal cell 
differentiation and proliferation. It also emphasizes the need to 
delineate the effects of these rerinoids at low physiologic concentra-
tions and at high phannacologic concentrations. Although the mo-
dulatOry effects of [('tinoic acid and its synthetic analogs (retinoids) 
have been evaluated in vitro on cpithelial differentiation IS - 10] and 
on proliferation [1 t .12] in various systems, the regulatory role of 
this vitamin acid at physiologic concentrations on membrane bio-
cht:mical events. which is quite distinct from its pharmacological 
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role and may influence the maturation of the epidermal cells, is still 
unclear. 
To explore a possible retinoic acid-induced membrane regulatory 
role, we investigated a rapidly recognizable phenomenon whereby 
the early responses of cells to an external stimulus (agonist) has been 
reported to involve the rapid hydrolysis of the inositol phospho-
lipids, particularly the phosphatidylinositol 4,5-bisphosphate 
(Ptdlns4,5P~. This hydrolysis is now recognized to result in the 
generation of inositol 1 ,4.5-triphosphare (InsP) and 1.2-diacylgly-
cerol (DAG), both described as "second messengers." These puta-
tive messengers in turn are reported (0 mediate either cell prolifera-
tion or differentiation through signal transduction [13,141. The role 
of reti noic acid at physiologic levels on the early biochemical evencs 
in ke ratinocyte membranes is unclear, and we found that a close 
relationship exists between the hydrolysis of PtdIns4,5P2' the gen-
eration of InsP), and the subsequent onset of differentiation of nor-
mal primary culture of murine keratinocytes [22}. Because of these 
findings we tested whether retinoic acid and its 13-Cis analog at low 
physiologic concentrations exert any preferential biologic actions 
on the membrane phospholipids of these cells via the rapid hydroly-
sis of the cellular membrane Ptdlns4,5P2 coupled with the intracel-
lular accumub.tion of InsP). 
MATERIALS AND METHODS 
Reagents and animals Neonatal Balb/C mice were purchased 
from Simonsen Laboratory (Gilroy, CAl. Dulbecco's Modified 
Eagles' Medium was obtained from Flow Laboratories, VA. Fetal 
calf serum was from Irvine Scientific (Irvine, CAl. Myo-(U-14C)-
inositol (333mCiJmmol) was purchased from Amersham (Arling-
ton Heights. IL). Retinal (vitamin A aldehyde) and lithium chloride 
were purchased frol11 Sigma (St. Louis, MO.). Anion exchange gcl 
AG I-X4 was purchased from Bio-Rad Inc. (Richmond, CAl. AII-
trans and 13-cis-retinoic acids were generous gifts from Hoffman 
laRoche (Nudey, New Jersey). All other chemicals were reagent 
grade (Fisher Scientific, Santa Clara, CAl. 
Epidermal Keratinocyte Cultures Mouse epidermal cells were 
isolated from neonatal Ra lb/e mice and used to establish a primary 
culture of keratinocyrcs according to the procedure of Yuspa and 
Harris [3]. Briefly, mice were sterilized in ethanol and subsequently 
anesthetized on ice for 30 min. Epidermal sheets were separated 
from whole skin by floatation in 0.25% trypsin in Hank's balance 
salt solution overnight at 4 °c. The detached epidennal pieces were 
minced and stirred to obtain si ngle cell suspension. After fllttation. 
viability of the cells was ascercained by the trypan blue dye exclusion 
technique before placing the cells onto 35-mm petri dishes at an 
initial cell density of2.2 X 1()6/35 mm plate. The cells were cu lti-
vated in Dulbecco's Modified Eagle's Medium (DMEM) (Flow lab-
ora tories. V A) supplemented with 10% fctal calf serum (Irvine Sci-
entific, CAl for 37"C with 5% CO,. These cells grow initially 
0- 36 h aftcr plating as a monolayer characterized by a population of 
primarily proliferating cells similar to those of the basal layer of the 
epidermis. After approximately 36 h, characteristics of differentia-
tion appear as assessed by two criteria: i) morphologica lly by the 
presence of cornified envelopes (squames), which were assayed ac-
cording to the procedure described by SUIl and Green; and ii) bio-
chemically by the increased activity of the serine protease plasmino-
gen activator in rhe cclilysates, which were assayed according to the 
procedure described by Isseroff et al [23]. This primary culture of 
murine keratinocytes, therefore, provides a continuous culture sys-
tem for invesrigating the phenomena of both proliferation and dif-
ferentiation. 
Long-Term Effect of All-trans RA on the Incorporation of 
[UC] Inositol into Inositol Phospholipids of Keratinocytes 
Cultured in Fresh Fetal Calf (Retinol-Containing) Serum 
In initial experiments we tested the effects of all-trans-RA on the 
incorporation (biosynthesis) of free-radioinositol into the inositol 
phosphol ipids. Briefly, at the initial plating of the cells, high ( I X 
10- 7 M) or a low (1 X 10- 10 M) concentration of this retinoid was 
added to twO separate plates of keratinocytes being cultured in a 
RETINOIC ACID AND K.ERATINQC YTE ,10LYPTDINS 73 
medium containing fresh fctal (retinol-containing) serum and 
myo-[U-"Cjinositol (4.4 X 10' cpm). The fresh fetal calf (retinol-
containing) serum is used in standard primary cultures. Control 
cells, though similarly cultured. contained no exogenously added 
retinoic acid. In some experiments, co substantiate the specificity of 
the all-trans-RA effect another parallel control incubation was car-
ried our which contained retinol (a vitamin A aldehyde) with no 
defined biologic effect on these cells. Cells were incubated for long 
hours (12,24. and 36 h, respectively). The time 0 - 36 h after plating 
was taken as the "proliferative mode" of the keratinocyte growth 
based on a previous determination from this laboratory 122}. The 
establishment of this time period was based on morphologic evalua-
tion of the keratinocytes after assaying for squame cdl formation at 
various time periods and secondly, after biochemical estimation of 
the activity of the serine protease plasminogen activator in the cell 
Iys:aes [23]. At the end of these designated time points, the excess 
free (l"CJinositol contained in the medium of each plate was aspir-
ated off and the [HC]labeled cdls washed three times with phos-
phate buffered saline. The washed cells were scraped from the petri 
dish in methanol and homogenized in acidified CHCiJ/CH)OH 
(2: 1. v/ v). Separation of the extracted [HCllabeled inositol phos-
pholipids was carried ou[ as described under the section entitled 
Extraaion and A nalysis of IJu~ f'4CJlabrll'd l"ositol Phospholipids. 
Long-term Effect of All-trans-RA on the Incorporation of 
{HC] Inositol into Inositol Phospholipids of Kerat inocytes 
C ultured in UV-Irradiated (Retino l-Free) Serum In separate 
experiments, similar concentrations of all-trans-RA as indicated 
above were incubated with cells cultured in a medium supple-
mented with UV-irradiated (retinol-free) serum. Rationale for in-
cubation in a retinol-free mediulll is based on the reported presence 
of retinol (precursor of rerinoic acid) in fresh serum which could 
dilute the exogenously added retinoic acid. To obtain the retinol-
free serum. fresh fetal calf retinol-containing serum was irradiated 
at 254 11111 for 30 min prior to being used for incubations. This 
UV-irradiated treatment has previously been reported to inactivate 
serum retinol derivatives [15. 16], thereby removing from the incu-
bation mixture endogenous retinol as substrate that could undergo 
transformation into retinoic acid. To ascertain whether or not the 
serum retinol was inactivated by the UV -irrndiation we detennined 
and confirmed the disappearnnce of characteristic retinol UV-ab-
sorption spectrum at 325 nm from the irradiated serum (Deluca, 
personal communication). The irradiated fetal calf serum is desig-
nated as "retinol-free" serum and was used in incubations as indi-
cated. Extractions after incubations and identification of products 
are as described in the text. 
E ffect of All-trans-RA on the Hydrolysis of Keratinocyte 
(I"C)Ptdlns4,5Pl in Medium Supplemented with E ither Re-
tinol-Containing Serum or UV-lrradiated (Retinol-Free) 
Serum To determine the effects of varying concentrations of all-
trans RA on the hydrolys is of keratinocytc Ptdlns4,5P2 (an impor-
tant hydrolytic step which results in the generation of "second 
messengers"), the cells were initial ly prelabeled to equilibrium with 
4.4 X 10' cpm ["CJinositol for 36 h in DMEM that was supple-
mented with fresh (retinol-containing) serum 3S described in the 
preceding paragraph. The medium was siphoned off and replaced 
with either fresh retinol-containing calf serum or with UV-irra-
diated (retinol-free) serum. The effects of both retinoids were 
tested. respectively. in an incubation medium that contained either a 
low concentration (1 X 10- 10 M) of all-trans-RA or its 13-Cis-ana-
log as indicated. LiCI (10 mM) was added to each incubation to 
inhibit the activity of the myo-inositol-l-Phosphomonestetase. 
Two control incubations were similarly treated and contained ei-
ther no exogenous retinoic acid or retinal. Hydrolysis of the 
l'''C]inositol phospholipids in the prelabcled cells was evaluated at 
short time periods (0. 30. 60 and 120 sec). A schematic representa-
tion of the experimental protocol used in these studies is shown in 
Fig 1. At the end of each incubation, the ['''Cl-Iabeled cells were 
scraped off the dishes and the cells homogenizcd in organic solvent 
as described above. Similar experimental protocols were followed in 
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Figure 1. A Schematic Represent2tion of (he Experimental Protocol. 
subsequent studies to teS[ the effects at higher concentrations (10-7 
M or 10-' M) of both all-trans-RA and 13-Cis-RA on the cells. 
Ex traction a nd Identificatio n of the [14C]wlabeled Inosito l 
Phospholipids and the W ater Soluble I·C wInositol Phos-
phates Total ["ejlabeled polyPtdlns was extracted with acidified 
CHCI, : CH,OH (2: I. v/v). The mixrure of["ej-Ptdlns extracted 
into the organic solvent was spotted on precoated silica gel G plates 
and separated in the solvent system of chloroform: methanol: 20% 
methylamine (60:36: 10, v/v). Radioactivity on each plate was 
scanned and analyzed by the Benhold Automatic TLC-linear Ana-
lyzer (Model LB 2832). equipped with an Apple lie computer. 
The p04CJinositol phosphates contained in the aqueous superna-
[ant extracts were percolated OntO an anion exchange chromate-
~rafhic column (AGI-X4. Bio-Rad) as described bX Berridge et al 
l21 . Briefly, the aqueous phase, which contained l"'CJradioactive 
hydrolytic products, was neutralized with 0.1N NaOH to pH 7-8, 
and was then applied to a column (0.9 cm i.d.) contailling 1.5 ml 
slurry of anion exchange gcl. AGI-X4 formate (200-400 mesh). 
which was obtained from Bio-Rad Laboramries (Richmond,CA). 
The column was first duted with 20 ml of H20 to remove free 
['·C]inositol. Subsequent fractions were duted and collected with i) 
20 ml of buffer containing 5 mM sodium tetraborate and 60 mM 
sodium formate (pH 9.0), which elutes the ["ejglycero-phos-
phoinositol; ii) 16 ml of buffer containing 0.2 M sodium formate in 
0.1 M formic acid, which clutes ["C)inositol phosphate (InsP); iii) 
16 ml of 0.4 M sodium formate in 0.1 M formic acid, which elutes 
the ["ejinositol bisphosphate (InsP,); and iv) 10 mJ of 1.0 M so-
dium formate in 0.1 M formic acid, which elutes p·C]inositol tri-
phosphate (InsPJ). Aliquots were taken &om each fraction and raw 
dioactivity was determined by counting in a liquid scintillation 
counter using Redisolv (Beckman) as the scintillation cocktail. 
Phosphoro us Assay Phosphorus assay of the total cellular extract 
was done according to the method of Rouser [24]. Sodium phosw 
phate was used as the standard. 
Stati stical Ana lysis Standard statistical methods were used to 
determine the mean values and SEM. Student's T-test was used for 
comparison between the mean of {he observations. The probability 
(p) that statistical significance was reached was determined at levels 
of 0.05 and below. 
RESULTS 
D oseedepcndcnt E ffect o f AlJ-trans-RA o n t he Incorporation 
of p·C}Inosito l in to Keratinocyt e Inosito l P hospho lipids 
C ultured in Med ium Supplemented w ith Fresh (R etinol-
Containing) Serum Data in Fig 2 revealed that Myo-[U-"C) 
inositol was linearly incorporated into the three inositol phospho-
lipids with or without retinoic acid during the first 36 h after plat-
ing the keratinocytes in a culture medium supplemented with fresh 
(retinol-containing) serum. Control cultures contained no exoge-
nously added retinoid. Morphologic evaluations of (he keracino-
cytes previously determined during this 36-h period revealed that 
these cells were viable, mostly basaloid, and in the proliferative 
mode (data nOt shown). 
I n the presence of added exogenous all-trans-RA, incorporation 
of p·CJinositol into the keratinocyte was altered. Fo r instance. 
when incubated with a high concentration of all-trans-RA (1 X 
10- 7 M), the incorporation of p·C]inositol into all three inositol 
phospholipids was significantly (p < 0.004) enhanced when com-
pared to non-retinoid containing incubations. This increased incor~ 
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poration of precursor '4C-inositol was particularly marked in the 
most highly phosphorylated ["C)Ptdlru4.5P, (a substrate for the 
generation of the putative "second messengers"). In contrast, when 
the cells were incubated with a low concentration of all-trans~RA 
(1 X 10-10 M) the incorporation of p4CJ~inositol inco 
[' 04C]Ptdlns4,SP2 over 36 h, although evident, was overall less 
marked when compared to the higher concentration of I X 10- 7 M . 
The effects of all-trans-RA on the incorporation of precursor I·C_ 
inositol into the less phosphorylated uC~Ptd l ns4P and '04C~Ptdl ns 
were less consistent and clear. This is probably due to the unknown 
effects of the retinoids on the two kinases that catalyze the phospho-
rylation of PtdIns into Ptdlns4P and Ptdlns4P into Ptdlns4,5P2. 
Com par ison of the Effects o f All-trans RA on [HC) Inositol 
Incorpo ration in to Keratinocyte HC.PtdIns4,SP:a Cultured 
in either R et ino l Conta ining or Retinol-free Medium The 
capacity of all-trans-RA to enhance the incorporation of free inosi-
tol into Ptdlns4,SP2, prompted us to foem on the biosynthesis of 
only this highly phosphorylated Ptdlns4.5P,. Thus. a comparison 
was made on the effects of all-trans retinoic acid in a fresh serum 
retinol-containing medium (A) and a medium supplemented with 
UV-irradiated (retinol-free) serum (B). In the non-irradiated fresh 
serum medium both the low concentration (1 X 10- 10 M) of all-
trans-RA and the high concentration (1 X 10-7 M) ohhe all-trans-
RA revealed negligible to moderate stimulatory effect on the incor-
poration (biosynthesis) of free ['04Clinositol into PtdIns4,SP2 when 
compared to control incubacions that contained no retinoids (Fig 
3A). However, when similar experiments were conducted in a me-
dium supplemented with UV -irradiated serum, incubation with 
low all-trans RA concentration (1 X 10-10 M) had little effect. On 
the other hand, the high RA concentration (1 X 10-7 M), which 
revealed no striking stimulatory effort at 12 and 24 h, respectively, 
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Figure 2. Dost:-depcndenr Effects of All-trans Retinoic Acid on the Incor-
porlllon oql'CJ Inosi[Q1 into K(,rltinocyte Inositol Phospholipids Cultured 
in a Fresh Serum (Retillol-Cont3ining) Medium. Keratinocytes (6 X IfY>/60 
mm plate) in 3 ml of DMEM, which is supplemented with fresh 10% FCS 
(retinol-containing non-irradiated), were mcubued at 37-C with 0.4 )lei of 
myo-(U-14C)-lnoSlfol (53.3 mCi/mol) in the presence of either a high (1 X 
10-7 M) or a low (1 X 10-10 M) concenrrarion of all-trans RA. Each incuba-
tion contained LiCI (10 mM). Controls were duplicate ker:atinocyte incuba-
tIons in the :absence of aJl-tr:ans-RA. Radioactivity incorporated into {he 
I'e-inosltol phospholipids was determined after chromatography on the 
TLC plates as described in the Mtthods Section. Results are expressed as 
counts per minutelmicrogram of phosphorus in the extracted total inositol 
phospholipids (cpm/j,lg lipid P) . Each point represents (he mean ±S.D. of 
duplicate incubations from two separate experiments. The stimulation of 
'·C-inositol incorporation into Ptdlns4,5P2 (p < 0.005), Ptdlns4P (p < 
0.003), and Ptdlns (p < 0.005) by high concentration of all-trans-RA (1 X 
10-7 M) 2t 36 h is statistically signihc2nt when compared to non-retinoid-
treated cells. 
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Figure 3. Compu:l.tiv~ Eff~ctS of High and Low Concentrations of AIl-
trans-RA on [he Incorporation of I·C-Inositol into Kerarinocyte 
p·CJPtdIns4,51)1 Cultured In euher Retinol-free or Rerinol-connining Me-
dium. Kerannocytes (6 X 1 ()6/60 mm plate) were incubated with 0.4 ,uCi of 
myo-(U-I·C)-inosirol in a m~dium supplemented with either a retinol-free 
UV-irradi:ned calf serum (B) or a medium supplemented with retinol-con-
r.uning fresh calf serum (A) as descri~d in the legend of Fig 2. The incuba-
tions were treated with either high (I X 10-7 M) or low (1 X 10- 10 M) 
all-rrans-RA. Controls were duplicate kentinocyte incubations in the ab-
sence of all-trans-RA. Radioactivity incorporated into the 1·C.PtdIns4,5P:z 
was determmed after chromatography on rhe TLC plates as described in the 
Methods Section. Results a.re expressed as countS permin/J1g of phosphorus in 
the extracted rotal inositol phospholipids (cpm/J1g lipid Pl. Each point rep-
resents the mean ±S.D. of duplicate incubations from twO separate experi-
ments. Incorpor:trion of HC-inositol into Prdlus4,SP:z of keratinocytes cul-
tured in medium containing UV-irradiated serum (B) is enhanced by high 
concentration of all-rrans-RA (1 X 10-7 M) at 36 h. This increase is sr:uisri-
cally significant (p < 0,0015) when compred to cells cultured in a medium 
containing non-irf2diated serum (A). 
revealed a significant (P < 0.0015) incorporation of l·C·inositol 
into PtdIns4,5P, at 36 h (Fig 38). In additional control experi-
mentS, non-udioactive retinyl acetate (1 X 10-8 M), was added 
back CO a medium previously supplemented with UV -irradiated 
serum (retinol free) which contained keratinocytes. When these 
cells in culture were challenged by either of the rctinoids at a low 
concentration (1 X 10-10 M), transient release of I4C-InsPJ was 
negligible, a response similar to results [rom the ullirradiated serum 
(data not shown). Data [rom these experiments underscore that in 
o rder to obtain full information on the concentrarion-dependent 
effects of natural all-trans retinoic acid on keratinocytes grown in '" 
medium containing fresh serum, it will be desirable m carry out 
similar incubations in a non-serum (retinol) comaining medium. 
Short-term Effect of a Low Concentration of All·trans·RA 
on the Hydrolysis ofKeratinocyte ["C]PtdIos4,5P, The neg-
ligible effect ofJow concentration of a11-tr:ms-RA on the incorpot2-
tion of I·C-inosiml inco I"C-PtdII1S4,SP2, prompted us to explore 
whether a similar or different effect of this low physiologic concen-
tration is exerted on the hydrolysis of the labeled keratinocyte 
Ptdlns4,5P2. In an initial experimem, the incubation of previously 
labeled keratinocytes with a low concentration of the natural al1-
trans retinoic acid (1 X 10-10 M) resulted in a rapid and enhanced 
hydrolysis of keratinocyte I4C-Ptdlns4,SP:z when compared to non-
retinoid containing control (Fig 4A). In subsequent experiments, 
hydrolysis of 14C-Ptdlns4,5P2 was accompanied by a statistically 
significant (p < 0.005) rapid and transient release of["C] InsP, (Fig 
4B). These dara demonstrate that low concentration of all-tr.uu-
RA, which excrtcd an insignific:lnt effect on the incorporation of 
I·C-inositol into Ptdlns4,SP:z (biosynthesis), does produce a signifi-
cant and rapid effect on the hydrolysis of 14C-Ptdlns4,SP2 from 
prelabeled cultured keratinocytcs when compared to non-retinoic 
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acid controls. The reason for the slow increase in the release of the 
inositol triphosphate (beyond 60 sec), which is evident in the non-
RA treated control, is presently unclear. In a separate experiment, 
incubation with a high concentration (1 X IO-SM) of aJI -trans-RA 
suppressed hydrolysis of PtdIns4,5P,. 
Comparative Effects of All-trans-RA and 13-Cis RA on tbe 
Hydrolysis ofKeratinocyte [UC}Ptdlns4,5P1 We investigated 
whcther a difference exists between the in vitro effects of a low 
concemrarion of all-trans-ltA and its 13-Cis-RA analog on the hy-
drolysis of keratinocyte I·C-Ptdlns4,SP2. To accomplish this, low 
concentrations (1 X 10- 10 M) of all-trans-RA and its 13-Cis analog 
were incubated with prelabeled keratinocytes in the preferable me-
dium supplemented with UV-irradiated (retinol-free) serum as de-
scribed above. Data from a time-dependent hydrolysis of 
I"CjPtdlns4,sp:! revealed a r::lpid and enhanced hydrolysis of 14C PtdJI154,SP:z by both all-trans-RA and 13-Cis-RA with maxi-
mal activity at 30 sees (Fig SA) when compared to non-retinoid 
containing concrol. Although the hydrolysis of Ptdlns4,5P:z was 
enhanced by the natural all-trans-ItA as shown previously, the stim-
ulatory effect of its analog (13-Cis retinoie acid) was more marked, 
Furthermore, hydrolysis of p·CIPtdlns4,SP2 by both retinoids 
was accom~anied by a rapid "transient" generation of water soluble 
p·C]lnsP) (Fig SB) with maximal accumulation ar 30 sec. Similarly, 
the effect of 13-Cis-RA on the generation of l·e_InsP) was strik-
ingly higher than the all-tralls-RA. 
In parallel experiments we compared the effects of a high con-
centration (1 X 10-5 M) and a low (1 X 10-10 M) concentration of 
fA) H,dfOI,.,. of pho.ph.tld,lInolllaf-4,5-bllphOIPh. t . 
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Figure 4. Short-term Effects of a Low Concentration of AII-trans-RA on 
the Hydrolysis of Keratinocyte [1·C} I)rdllls4,SP:z. Kef2tinocytes (6 X 106/ 
60 mm plate) were pre-labeled and cultured as d~scribed in Fig 2. Culture: 
plates were replenished with serum previously irradiated at 254 nm as de-
scribed in the (ext. Hydrolysis of cellubr [1·C!Ptd lns4,5P1 and generation of 
I·C_InsP.) were initiated with or without the addition of .all-tnns RA. Time-
course 2nd identification of productS are as indicated in Fig. 2. Results are 
expressed as cpm/Jlg total lipid phosphorus. E::Ich point represents the mean 
±S.D. of duplicate incubations from two separate experiments. Low con-
centration (1 X 10- 10 M) of all-trans-RA hydrolysis of Ptd lns4,5 P2 [AJ and 
release oflnsP] [BJ at 30 sees were statistically significant, (p < 0.005) and (p 
< 0.005), respectively, when compared to lion-retinoid-treated cells. 
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Figure 5 . Comparative Effects of AII-tr.m~-RA and 13-Cis-RA on Hydrol-
Yliis of Kcraullocyrc ['4CJPtdlns4,5P2' Keratmocytes (6 X 10'/60 mm 
plate) were prdahcled and cultured as described in Fig 2. Culture pl:ncs were 
rcpleru!ihcd with serum prcviomly irradiated at 254 nm as dcscrilx:d in the 
[(,Xt. Hydrolysis of cellular p4CjPrdlns4,5Pl .md generation of 14C_lnsP, 
were initiated with or Without [he addition of all-tr.l.lls-RA or 13- i.s RA to 
the culture pia Ie. Tllnc course and tdenun.c:mon of products nc as indicated 
In FIg 2. Rcsuhs arc expressed as ~rccntOlg(' of non-hydrolyzed I .. C_ 
Pldlns4.5P2 arter normaliutlon at 100%. Similarly, InsP) gener.ued is (':x-
prcSSt:d as percentagc ovcr control (normalized at 100%). Each point repre-
~nts Ihe me.n ±S.D. of duplicalc incubations from rwo sepante 
cxperiments, HydrolySIS of I"C-Ptdlns4,5P2 (Top, A) at 30 ~cs by 13-Cis 
ItA (p < 0,005) and all-trans itA (p < 0,005) are statistically significalll when 
compared to non-retllloid-ueated cdls. Similarly, the generation of·· -
InsP) (LoI4'tT Fig 58) at 30 secs by 13-Cis-RA (p < 0,0005) and all-trans-1tA 
(p < 0.005) arc sf;:HLstically slgmficant when compared to non-retll1oid-
rre2.ted cells, 
13-Cis-RA on the generation ofHe-lnsP) from HC-Ptdlns4,5P2 of 
prelabeled cells. Two conrrols for these studies included incubations 
with low exogenous concentration of retinal (1 X 10-10 M) and 
incubations with no added retinoids. We observed a rapid and en-
hanced transient generation of I·C_InsP) by the low concentrarion 
(l X 10-10 M) of I3-Cis-RA when compared ro the two control 
incubations, which contained either retinal or no rerinoids (Fig 6). 
Interestingly, a high concentration (1 X 10-s M) of I3-Cis-RA did 
not enhance the generation of 14C_InsP) bur rather induced a mod-
erate suppression of 14C_InsP) generation, 
DISCUSSION 
Results from these studies clearly demonstrate that all-rrans-RA and 
its 13-Cis analog exeC{ dose-dependent effects on rhe turnover of 
inositol phospholIpids of cultured murine keratinocytes. A moder-
ately high concentration (I X 10-7 M) of either retinoid exerts 
varying increases on the biosynthesis of the inositol phospholipids 
during the first 36 h of kerarinocytcs in culture, while rhe effects 
with a low physiologic concentration (I X 10-10 M) arc minor and 
insignificant. The observed stimulatory effect of rhe retinoids on 
the biosynthesis of the inositol phospholipids is interesting because 
THE JOURNAL OF INVESTIGATIVE DERMATOLOGY 
these cells in rhe early growth phase in culture arc rapidly proliferat-
ing. High concentrations of the rerinoids possibly alter this prolifer-
ative: activity and rhus function to stimulate the increased biosynthe-
sis of the inositol phospholipids. These increased inositol 
phospholipids are required lipid constituents that serve as mem-
brane huilding blocks for the rapidly proliferating new cells. Inrer-
estingly, 13-Cis-RA, an analog of the all-mllS-RA. is 1110re effective 
chan the natural all-rrans-RA at the same high concentration in the 
in vitco stimulation of inosirol phospholipid biosynthesis of these 
proliferating cells. 
111 contrast to the insignificant stimulatory effects of low physio-
logic concentration (1 X 10-10 M) ofborh all-rrans-RA and its 13-
Cis analog on the incorporation of free inositol into the more phos-
phorylated Ptdlns4,5P2' both retinoids at low concentrations 
rapidly and significantly enhanced the hydrolysis of the keratino-
cyte 14C-PtdIns4,SP2 in vitro (Fig SA), This hydrolysis was accom-
panied by a simultaneous "transient" generation of HC-InsP) (Fig 
58). These very early and rapid biochemical events by the two forms 
of retinoids arc novel and do precede the onset of detectable evi-
dence of differentiation in these cells. These results imply that the in 
vitro effect of low physiologic concentrations, and not the high 
concentration of these rwo forms of retinoids on cultured keratino-
cytes. may be directed at least in parr towards the initiation of an 
early hydrolysis ofPtdJns4,5P2 resulting in a rapid. transient gener-
ation of InsP). Although not measured in these studies, it is likely 
that diacylglycerol (DAG) was also released asshown in thespecula-
tive scenario of retinoic acid-induced generation of InsP) from 
Ptdlns4.5P2 (Fig 7), The early release of these intracellular "second 
messengers" may function as the initial signal which in turn may act 
alone or in concert with other modulators to program the pro liferat-
ing cells into differentiation. 
Alrhough our presellt data arc inadequate to directly implicate 
InsP) with exerting rhe intracellular stimulus activity that initiates 
the course of keratinocyte differentiation, the enhancemenr of the 
hydrolysis of the kcratinocytc Ptd I ns4,5P2 coupled with the rapid, 
transienr generation of InsP), is consistent with agonist-induced 
rapid breakdown of PtdIns4,5P2 and accumulation of InsP) as re-
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Figure 6. Shon-feon Effects of High and Low Concentrations of 13-Cis-
RA on fhe Generation of I·C-lnsPJ from Keratinocyte p·CJPtdlns4.5P2' 
Kt''t3tinocytes (6 X 10"/60 mm plate) were prclabeled and cultured as de-
scribed 111 Fig 2. Culture plates were replenished with scrum previously 
madiated 2.[ 254 nm as descnbed 111 the text, Hydrolysis of cdlular I14CJ 
Prdlns4,5Pz ;lIld generation of He-InsP) were imti2.ted with or without the 
additions of 13-Cis RA and retinal. Time-course and identification of prod-
lICU arc as IIIdic,ned in Fig 2. uC_lnsl)) generated is expressed as pcrcentge 
over control (normalized at 100%). Each pOint represents the mean ±S.O. of 
duplicate incubations rrom two separate experiments. Release of InsPJ by 
13-Cis-ItA (p < 0.0005) ill low concentr:nion (1 X 10-10 M) is sl2.tisrically 
slgmficanl when compared to a high conCCl1tr2.tion of 13-Cis-1tA (I X 10-5 
M), non-active rctinal (I X 10-10 M), or non-retinoid treated cells. 
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Figure 7. S~culative Scen.ario of the Retinoid-induced Hydrolysis of 
Ptdlns4,SP:z 2nd Generation of Inositol Triphosph2te. 
ported in other systems 117.18.25]' Furthermore. the generation of 
InsP.l and the release of intracellular Ca2+ have been reported in a 
number of cel l types. Strong evidence that insP) may be a putative 
messenger comes from studies showing that InsP) releases Ca2+ 
from pcrmeabilized cells [26 - 28J. The direcr regulatory role of 
InsP) in keratinocyte intracellular Ca2+ release and differentiation 
remains to be determined. Nonetheless. the aJl-crans-RA and its 
t 3-Cis-analog induced-release ofInsP) in the present studies is con-
sistent with biochemical events previously observed in a recent 
study from our laboratory [22] . This study demonstrated a rapid, 
transient generation of lnsP) prior to the onset ofkeratinocyte dif-
ferentiation. Although the present data do not delineate the precise 
mode of action of the rwo forms of retinoic acid used in these 
studies. one possibility is the presence in keratinocytes of retinoic 
acid-binding protein, which has been rel?0rtcd in a number of tissues 
P9J. including chick embryo skin [20j. Alternatively. vitamin A 
(retinol) has been shown to interact with biologic membranes 
[29.30] . These interactions have led to the suggestion that a physio-
logic conccntration of the retinol may perturb thc cellular lipopro-
teill mcmbranes. thus initiating hydrolysis of the cellular 
PtdIns4.5P2 and generation ofInsP). Furcher expcriments are. how-
ever, necess.ry to substantiate this membrane-active receptor-me-
diated possibility in the keratinocytes. If so, then the phenomena 
observed in these studies will be consistent with other agonist re-
ceptor-induced hydrolysis of the cellular Ptdlns4,5P2• the genera-
tion of InsP). and thus modulation of cellular events chat regulate 
keratinocyte diffe rentiation. 
Tht e.wcllttlt !ttrt'IMia/ a$sistatlct of Ms. Gtorgia Brown and lil t txpm phot(}- i/lus-
tratiotlS by M$. 1rttlt ROUlfq arc grattjully admowltdgtd. 
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